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Introduction
In recent years, several meta-analyses [1] [2] [3] have been published on the effects of alcohol consumption and cardiovascular disease (CVD). Moderate consumption of any type of alcohol reduced overall mortality by 17% in men and by 18% in women [1] . The risk of incident coronary heart disease (CHD), CHD mortality, as well as CVD mortality was reduced by about 30% for women [2] . Dose-response analyses indi-cated that, compared to abstainers, the best protection is observed for moderate drinkers ( = 1glass/day for women) [1, 2] , and that heavy drinkers are at increased risk. The J-shaped relation of alcohol consumption with fatal and non-fatal CV events was confirmed if the type of alcohol consumed was wine or beer but not liquor [3] . Furthermore, the maximal protection of 31% was observed for moderate wine drinkers.
The reduction in CVD risk for light to moderate alcohol drinkers is generally attributed to a beneficial effect on high density lipoprotein cholesterol (HDL) levels. However, the HDL hypothesis was disputed recently in a large, population based cohort study, with extensive control for confounding factors [4] .
Inflammation is a critical component in many human diseases, including CVD, neurodegenerative diseases, diabetes, and some cancers. Multiple epidemiological studies have demonstrated the beneficial effects of light to moderate alcohol consumption on inflammatory markers with significantly decreased levels of plasma C-reactive protein (CRP) [5] [6] [7] , factor VII [8] , and fibrinogen [5, 8, 9] . Compared to women who drank no alcohol, women who consumed 1-2 drinks/day had 32% lower CRP levels [10] . Whereas heavy alcohol consumption has been related to higher levels of plasminogen activator inhibitor antigen-1 (PAI-1) and tissue plasminogen activator antigen (tPA) [8, 11] , wine drinkers tend to have lower levels of these markers [8, 12] .
These findings are consistent with the hypothesis that a balance between hemostatic and fibrinolytic activity may contribute to the complex relation of alcohol consumption with CHD [8, 13] . However, most previous studies of the relationship of alcohol consumption with hemostatic and inflammatory factors have been crosssectional [5, 8, 10, 13] or were restricted to Caucasians [5, 6, 8, 10, 11, 13] . African American (but no other minority) women have been included in a few studies [7, 9] . Furthermore, these studies consider only total alcohol consumption and not the type of beverage. In a meta-analysis of the effect of alcohol consumption in intervention studies [14] , fibrinogen was significantly negatively associated with alcohol use whereas CRP, PAI-1, and tPA were not significantly related to alcohol use. Clinical trials have shown that CRP and fibrinogen are reduced after wine consumption [15] . Although there is benefit to the consumption of any alcohol in moderation, the effect of wine on cardiovascular health seems to be stronger. We hypothesized that moderate wine consumption is associated with (1) lower levels of hemostatic and inflammatory factors and (2) slower progression over time. We further hypoethized that (3) the associations are independent of ethnicity, socioeconomic status (SES), lifestyle factors, and total alcohol consumption.
Methods

Study design and participants
SWAN is a multi-ethnic, community-based, longitudinal cohort study of the natural history of the menopausal transition in 3302 women enrolled at seven sites throughout the United States: Boston, MA; Chicago, IL; Detroit, MI; Los Angeles, CA; Oakland, CA; Newark, NJ; and Pittsburgh, PA. The design of the main study has been reported [16] . The cohort included women of Caucasian, African-American, Chinese, Japanese, and Hispanic origins, aged 42-52 years who (1) had an intact uterus and at least 1 ovary, (2) had at least 1 menstrual period in the previous 3 months, (3) used no hormone therapy (HT) in the previous 3 months, and (4) were not pregnant. Women with a history of heart attack, stroke, or angina at study entry were excluded from the current analyses (N = 57). Women with no information on wine consumption (N = 241) and women with no assessment of hemostatic or inflammatory markers (N = 104) were excluded, leaving 2900 for the current analyses. Compared to eligible women excluded from the analyses, those who were included were less likely to be Hispanic, had higher SES and a healthier lifestyle (more physically active and less likely to smoke), were less likely to abstain from wine consumption, and had lower BMI. They did not differ in age, menopausal status, overall alcohol consumption, HDL, statin use, or any of the hemostatic or inflammatory factors. All analyses used data from baseline through the 7th follow-up visit.
Assessments
All participants underwent annual exams which included interviews, anthropometry, questionnaires, and a blood draw for the assessment of all factors of interest including sociodemographic factors, reproductive hormones, and CV risk factors.
Outcome variables were CRP, factor VII activity, fibrinogen, PAI-1, and tPA measured in plasma. CRP was quantitated using an ultrasensitive rate immunonephelemetric method (Dade-Behring, Marburg, Germany). Fibrinogen and factor VII activity were measured in frozen citrated plasma (MLA ELEC-TRA 1400 C, Medical Laboratory Automation Inc., Mt. Vernon, NY) using a turbidometric detection system. PAI-1 was measured with a sandwich procedure using a solid phased monoclonal antibody and an enzyme labeled goat second antiserum for detection (IMUBIND plasma PAI-1 ELISA, American Diagnostica, Greenwich, CT). The tPA was measured in plasma using a double antibody in an enzyme linked immunosorbant assay (IMUBIND tPA ELISA, American Diagnostica, Greenwich, CT). The assay uses human single chain tPA as a standard calibrated against an international standard (NIBSAC, Hertfordshire, UK). Because of budgetary constraints, CRP, PAI-1, and tPA were assayed annually with the exception of follow-up visit 2; fibrinogen and factor VII activity were assayed at baseline and odd follow-up years only. Consistent with published guidelines, CRP values >10 were excluded (8.6% of observations). For all other markers, to identify extreme values (probably reflecting acute illness), values outside ±3 SD were excluded (<2% for each marker). Because of different assessment schedules and exclusion criteria, sample size for the analyses varied from 2811 to 2886 women; the total number of observations used in the longitudinal analyses ranged from 9905 to 15289. Diet, including consumption of fruits and vegetables, sodium, fiber, carbohydrates, and total alcohol, was assessed with a food frequency questionnaire (FFQ) [17] at baseline and visit 5. Wine, beer, and liquor consumption was assessed in all years when the complete FFQ was not assessed. For each type of alcohol, there were 9 possible responses: none or less than one per month, 1-3 per month, 1 per week, 2-4 per week, 5-6 per week, 1 per day, 2-3 per day, 4 per day, 5 or more per day. Wine consumption was condensed into categories of none, <1 glass/day, = 1 glass/day, or > 1 glass/day. Since wine consumption was stable over time for the women with repeat assessments [18] , and to guard against underreporting, we took the maximum reported wine consumption over the study period as the main predictor.
Total alcohol consumption was classified as none (<1 drink/month), moderate (>1/month, ≤1/week), and high (>1/week), providing a time-varying covariate. Physical activity was assessed with an adapted version of the Kaiser Physical Activity Survey (KPAS) [19] and classified as in previous SWAN publications [20, 21] , see Table 1 .
Smoking status was assessed every year by selfreport. Standardized protocols were used to measure height and weight. Height was measured without shoes using a stadiometer. Weight was measured without shoes and with light indoor clothing using scales calibrated to a standard on a monthly basis. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. A healthy lifestyle score based on physical activity, not smoking, weight maintenance, and diet was created using guidelines developed by the American Heart Association [22] for cardiovascular health. Each attribute was classified as ideal, intermediate or poor (Table 1) . We created a healthy lifestyle score by assigning 1 point for each health behavior in the intermediate category and 2 points in the ideal category. Higher scores (range 0-8) indicated a healthier lifestyle. The score was calculated at each visit using a simple update method for physical activity and diet as used in the Nurses' Health Study [23] .
HDL was analyzed on EDTA-treated plasma and isolated using heparin-2 M manganese chloride [24] . Education (≤high school degree, some college/vocational training, college degree, or more) was assessed at baseline. Current smoking status, family income, menopausal status, and medication use including HT was assessed by questionnaire annually.
Statistical methods
Baseline characteristics of the sample were summarized as mean (SD) or N (%) and compared to women excluded from the study using the two-sample t-test or the chi-square test, respectively. Because of their skewed distribution CRP, PAI-1, and tPA were transformed by natural logarithm, and summarized as geometric mean (95% confidence interval).
We used linear mixed models with time from baseline to time of assessment modeled continuously and wine consumption as the primary predictor (with moderate consumption as the reference). A random intercept was included to account for different baseline values; time was also included as a random effect to allow for different trajectories for each woman. Assumptions were examined using residuals. A heterogeneous autoregressive covariance structure provided the best fit in all analyses according to the Bayes Information Criterion (BIC). Model 1 adjusted for age at baseline, site, and ethnicity. Model 2 further adjusted for SES (education ≤ high school) and time-varying covariates of total alcohol consumption, healthy lifestyle, HDL cholesterol, statin use, menopausal status, and HT use. For logtransformed outcomes, regression coefficients were back-transformed using the formula [100 (exp(␤) -1)] to calculate the percent change (% change) in the outcome per unit change in the predictor [25] . To test whether time trends differed by wine consumption, an interaction term of time and wine consumption was included. These interactions were not significant and are therefore not reported here. Sensitivity analyses included (1) using a time-varying indicator of SES (income), (2) using BMI and smoking (instead of the healthy lifestyle score), (3) excluding Hispanic women, and (4) using wine consumption as a timevarying predictor. Table 2 shows the baseline characteristics of the analytic cohort in 1996/97. Almost half of the women were Caucasian, 28% were black, and the remaining women were about equally from the other 3 ethnicities (Hispanic, Chinese, and Japanese). The average age was 46 years; 54% were pre-menopausal, 46% were early peri-menopausal, and 16% were smokers. Average BMI was 28.1 kg/m 2 ; more than 60% had a poor diet, and only 4% followed a healthy diet, 44% did not engage in physical activity, and almost half reported low total alcohol consumption. Consumption of wine was stable and common with 20% reporting none, 69% light (<1/day), 7% moderate ( = 1/day), and 4% heavy (>1/day). At baseline, hemostatic and inflammatory markers were in the normal range. Table 3 shows numerical results, and Fig. 1 provides a graphical illustration of the longitudinal analyses. Highly significantly changes over time were observed in all markers (all p < .001). In minimally adjusted models, CRP increased by 2.4%/year; PA-1 decreased by 7.0%/year, and tPA decreased by 1.0%/year. Factor VII increased by 1.6 percentage points annually, and fibrinogen decreased by 1.9 mg/l per year. In fully adjusted models, the estimated time trends were slightly attenuated but remained highly significant. Moderate wine consumers had significantly lower levels of CRP and factor VII compared to women who drank no or little wine (<1/day) in minimally adjusted models. These differences were attenuated but remained significant in fully adjusted models (p < .05). Fibrinogen showed a monotone relationship to wine consumption with the lowest levels observed in women who drank >1/day. In the minimally adjusted model, all pairwise group comparisons were significant (p < .01).
Results
In the fully adjusted model, these differences were attenuated, and moderate wine drinkers had lower levels than abstainers and higher levels than women who drank >1/day (both p < .05). PAI-1 and tPA levels were significantly lower in moderate wine consumers compared to all other groups in minimally adjusted analyses, but after full adjustment, only women who drank >1/day had significantly higher levels than moderate consumers (p < .001).
In all analyses, age at baseline was positively and healthy lifestyle was negatively associated with all hemostatic and inflammatory factors. Associations with other covariates were less consistent. HDL was negatively associated with CRP, fibrinogen, PAI-1, and tPA, but positively related to factor VII. Postmenopausal women had higher levels of factor VII and fibrinogen and lower levels of tPA, and HT use was related to higher CRP and factor VII and lower PAI-1. Statin use was related to lower CRP and PAI-1 levels and to higher fibrinogen. Total alcohol consumption was unrelated to CRP and factor VII, but inversely related to fibrinogen, PAI-1, and tPA.
Discussion
In this large longitudinal study of women, moderate wine consumers ( = 1 glass/day) had significantly lower levels of all hemostatic and inflammatory factors examined compared to abstainers. The effect of wine consumption on CRP and factor VII exhibited an inverse J-shape; moderate wine drinkers had significantly lower levels of these markers than women who drank no or little wine (<1/day). The relation of wine to fibrinogen was monotone with abstainers having the highest level and women drinking >1/day having the lowest level. In contrast, PAI-1 and tPA were highest for women drinking >1 glass of wine per day with no significant differences between the other 3 groups in the fully adjusted analyses. These results are similar to those for women from the Framingham Offspring Study, where the relationship of wine consumption with fibrinogen was linear, whereas factor VII, PAI-1 and tPA were better fit by the addition of a quadratic term [8] ; the association with CRP was not reported in that cross-sectional study of Caucasians. This cohort of middle-aged women was healthy but heavy with BMI in the overweight range. At baseline, hemostatic and inflammatory markers were in the normal range and changed significantly over time. These trends were similar to those estimated in an earlier analysis of SWAN [26] which used fewer follow-up visits. Excluding Hispanic women resulted in slightly stronger effects of moderate wine consumption in sensitivity analyses. Using a time-varying indicator of SES (i.e. income) did not alter results. Using BMI and smoking instead of the healthy lifestyle score yielded similar and only slightly weaker effects of wine Table 3 The relationship of time and wine consumption to hemostatic and inflammatory markers consumption. Using time-varying wine consumption, on the other hand, weakened the observed associations, possibly because of under-reporting. Mechanisms responsible for the healthful effects of wine are complex. Moderate intake of any alcoholic beverage produces positive effects on antioxidants, lipids, and platelets [27] . Wine demonstrates beneficial properties that are independent of alcohol consumption, which has been attributed to the polyphenol content of wine [28] .
The alcohol component of wine may be responsible for its antiplatelet activities [29, 30] . Alcohol has anticoagulant properties that limit blood clotting by making platelets less prone to stick together and reducing the levels of fibrin protein that binds them together. Clinical trials have shown that in addition to wine, grapes, and grape juice can decrease platelet aggregation [31, 32] . The benefits of alcohol and polyphenols may be additive, since alcohol, red wine, and polyphenolic grape extract each inhibit platelet adhesion in human blood [33] .
There is evidence that the effects of wine on blood coagulation may only be transient, indicating that moderate consistent consumption is critical for beneficial outcomes [34, 35] . This could explain conflicting data from observational and intervention studies regarding the effect of wine on levels of CRP, factor VII, fibrinogen, tPA, and PAI-1 [14] . Inconsistencies in diet (i.e. high fat vs. low fat) between studies may also confound the results [36] .
Strengths of the current study include the simultaneous assessment of five different biomarkers, the longitudinal design, the large, ethnically diverse cohort with repeated assessments over 8 years of both predictor and outcome variables, and the well characterized covariates known to be related to hemostatic Fig. 1 . Hemostatic and inflammatory markers over 8 years by wine consumption; * p < .05, * * p < .01, * * * p < .001 compared to = 1/day; ∧ adjusted for age at baseline, site, ethnicity; ‡ further adjusted for socioeconomic status, menopausal status, HT use, HDL cholesterol, statin use, healthy lifestyle, and total alcohol consumption. and inflammatory markers. Limitations of the study include that only 69% of women were retained in the analysis by the last assessment. The analytic approach, however, is robust against missing data in estimating the effect of wine consumption on markers. Another limitation is the fairly low number of women who consumed a moderate amount of wine, especially among non-Caucasians. Therefore, subgroup analyses were not feasible. However, the total number of women in each ethnic group was several hundred, and observed relationships were consistent.
In summary, we found that women who consumed wine in moderation had the lowest levels of all hemostatic and inflammatory factors, independent of age, ethnicity, socioeconomic status, as well as significant covariates such as HT use, HDL, healthy lifestyle, and total alcohol consumption. In conclusion, moderate wine consumption may protect against CVD via inflammatory and clotting pathways.
